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Breed comparisons of Angus, Brahman, Hereford, Pinzgauer, Sahiwal, and
Tarentaise for weight, weight adjusted for condition score, height,
and body condition score1
J. A. Arango*2, L. V. Cundiff†, and L. D. Van Vleck†‡3
*Department of Animal Science, University of Nebraska, Lincoln 68583-0908; and USDA-ARS,
Roman L. Hruska U.S. Meat Animal Research Center,
†Clay Center, NE 68933 and ‡Lincoln, NE 68583-0908
ABSTRACT: Data from topcross cows (n = 468) from
six breeds of sire (Angus, Brahman, Hereford, Pinz-
gauer, Sahiwal, Tarentaise) and two breeds of dam (An-
gus and Hereford) of Cycle III of the Germplasm Evalu-
ation (GPE) program at the U.S. Meat Animal Research
Center (MARC) comprising cow weight (CW, n = 9,012),
height (CH, n = 9,010), and condition score (CS, n =
8,991) recorded in four seasons per year from 2 to 6 yr
of age were used to estimate breed-group differences.
The mixed models included cow age, season of measure-
ment and their interactions, year of birth, pregnancy-
lactation code (PL), and breed group as fixed effects for
CW and CS. Analyses of weight adjusted for condition
score included CS as a linear covariate. Model for CH
excluded PL. Random effects were additive genetic and
permanent environmental effects. Differences among
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Introduction
Selection and crossing of breeds are methods to create
genetic improvement. If both additive and nonadditive
variation are important, then improvement will be
maximized by combining systematic crossbreeding with
selection among and within breeds (Cundiff, 1970). Di-
verse breeds are required to exploit heterosis and com-
plementarity through crossbreeding and to match ge-
netic resources with diverse production systems. The
objective of evaluating breeds of sire to produce top-
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breed-groups were significant for all traits for different
ages and were maintained across ages, with few inter-
changes in ranking through maturity. Cows with Sahi-
wal sires were lightest (392 to 479 kg), whereas Here-
ford-Angus (HA) reciprocal-cross cows were shortest
(119 to 123 cm) at each age. Cows with Brahman sires
were heaviest and tallest among breed groups at all
ages, exceeding HA cows by 19 to 24 kg and 9 to 10 cm,
respectively. Cows with Pinzgauer and Tarentaise sires
were intermediate for weight and height and inter-
changed ranking across ages. Differences in weight due
to differences in condition seemed to be of small magni-
tude because adjustment for condition score did not
affect rankings of breed groups across ages. Important
changes for mature size of cows can be achieved by
breed substitution with the breeds of sires used in
this study.
crosses usually is to determine the potential benefit of
using exotic breeds for crossing with indigenous or local
breeds (Dickerson, 1993). The Germplasm Evaluation
(GPE) program at the U.S. Meat Animal Research Cen-
ter (MARC) was designed to evaluate topcrosses with
breeds of sires differing in genetic potential for diverse
economic traits, such as growth and mature size, milk
production, lean to fat ratio, and carcass characteristics
(Cundiff et al., 1986).
Previous reports have presented ordinary least
squares means and breed of sire differences for weight,
height, and condition score for heifers (Gregory et al.,
1979a,b) and cows (Cundiff et al., 1986, 1988; Green et
al., 1991a,b; Jenkins et al., 1991; Setshwaelo et al.,
1990) using partial data or from special experiments
involving breed groups from Cycle III. However, this is
the first complete comprehensive report using general-
ized least squares methodology. Separate reports have
presented breed group means and breed of sire differ-
ences for cows of Cycles I and II (Arango et al., 2002b,c)
and estimates of genetic parameters (Arango, et al.,
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Table 1. Number of sires and daughters by
breed of sire for Cycle III
Breed of sire Sires Daughters
Hereford 15 68
Angus 17 30
Brahman 17 101
Sahiwal 6 86
Pinzgauer 9 103
Tarentaise 6 80
Total 65 468
2002a). This article reports breed of sire differences for
cow weight, weight adjusted for condition score, height,
and body condition score for Cycle III cows of the
GPE program.
Materials and Methods
Data were from cows produced by mating Angus and
Hereford dams with sires of six breeds. Numbers of
sires by breed and their daughters are presented in
Table 1. The GPE program at MARC was designed to
examine breed-group effects on major economic traits
by comparing progeny of many breeds of sires and with
Hereford-Angus crosses. Cycle III used Angus and Her-
eford cows from Cycles I and II as dams bred by artificial
insemination to Hereford, Angus, Pinzgauer, Taren-
taise, Brahman, and Sahiwal sires to produce calves in
1975 and 1976. General management was the same as
in Cycle I, which was described previously (Arango et
al., 2002a,b). Details concerning sire sampling were
presented by Gregory et al. (1979b). Postweaning man-
agement was also described by Gregory et al. (1979a).
In brief, cows were maintained on improved pasture of
cool- or warm-season grasses, and during winter
months were fed grass and alfalfa hay on alternate days
(11 to 14 kg per cow per day). Cows born in a year
were treated as a contemporary group for nearly all
measurements. Animals were not removed for reasons
of growth criteria. Yearling heifers were weighed at
beginning and end of the mating season when palpated
for pregnancy. Thereafter, cows were weighed, mea-
sured for hip height, and scored for body condition four
times each year with one measurement each season: 1)
mid-May (spring), at the start of the breeding season;
2) early August (summer), at the end of the breeding
season; 3) the end of October (fall), at palpation for
pregnancy following weaning; and 4) early February
(winter), prior to calving. Body condition score was
based on an ascending subjective scale of nine points,
from extremely thin (very emaciated) to extremely fat
(very obese). Each record of a cow was assigned one of
four physiological codes composed of a combination of
lactation (1 = not lactating, 2 = lactating) and pregnancy
(1 = not pregnant, 2 = pregnant) codes. Data for the
present study included records of cows from 2 to 6 yr
of age (the oldest age allowed for any cow).
Statistical analyses were done using single-trait ani-
mal models with a derivative-free REML algorithm us-
ing the MTDFREML programs (Boldman et al., 1995)
to estimate variance components and to solve mixed-
model equations. Fixed effects were sire breed, dam
breed, and their interactions; age, season of measure-
ment, and their interactions; year of birth, and preg-
nancy-lactation code in models for cow weight and body
condition score. For cow height, pregnancy-lactation
code was excluded. Analyses of weight adjusted for con-
dition score included condition score as a covariate.
Analyses by age (yr) at measurement included age in
days within season of measurement as extra covariates.
Random effects were additive genetic and permanent
environmental effects of the cow. Details about models
and estimation of variance components were presented
by Arango et al. (2002a) and will not be discussed here.
Estimates of (co)variances at convergence were used
with mixed-model equations to obtain solutions for fixed
effects and to estimate linear contrasts for breed of sire
comparisons. Two sets of contrasts were tested for each
trait and age at measurement: the difference between
the solutions for cows of each breed of sire and the
average of solutions for Hereford-Angus (HA) recipro-
cal-cross cows and the difference between solutions for
cows with Angus dams and cows with Hereford dams.
The experimental objective was to compare breed of
sire effects for major economic traits for all breeds of
sires with HA reciprocal crosses and with each other
(Cundiff et al., 1986). Differences among crossbred cows
are due to differences in additive genetic effects present
in the specific two-breed crosses and to effects of hetero-
sis for a particular cross (e.g., Frahm and Marshall,
1985). Overall heterosis was assumed to be of similar
magnitude for crosses between Bos taurus breeds.
Greater heterosis was expected for crosses of Bos indi-
cus sires (Brahman and Sahiwal) with Bos taurus cows
(Koger, 1980).
Results and Discussion
Numbers and means by age of cow for all traits are
in Table 2. Cows gained weight until 6 yr of age. The
largest yearly gain was from 2 to 3 yr of age, accounting
for 30% of total gain from 2 to 6 yr of age. By 4 yr of
age, cows had accumulated most (92%) of their final
weight. Unadjusted means for height did not change
much across ages, which indicates that stature reaches
maturity earlier than weight. In fact, cows had attained
99% of their final height by 3 yr of age. Changes in
means for condition score were minor across ages (maxi-
mum of 0.4 points).
Cow Weights
In Cycle III, purebred cows were not produced. Cross-
bred cows were represented by HA reciprocal crosses
and F1 crosses of Brahman, Sahiwal, Pinzgauer, and
Tarentaise sires with Angus and Hereford dams. Esti- 
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Table 2. Numbers of cows (N) and measurements (n) and unadjusted means (± SD) by
age for weight (kg), hip height (cm), and body condition score (points)
Weight Height Condition score
Age (yr) N n Mean n Mean n Mean
2 468 1,872 421 ± 48 1,872 124 ± 5.1 1,867 6.8 ± 0.92
3 468 1,865 455 ± 53 1,863 126 ± 5.1 1,859 6.4 ± 1.00
4 454 1,811 496 ± 58 1,811 127 ± 5.2 1,808 6.4 ± 0.93
5 442 1,760 525 ± 61 1,760 127 ± 5.1 1,757 6.6 ± 0.92
6 427 1,704 538 ± 64 1,704 127 ± 5.1 1,700 6.8 ± 0.87
mates of breed means for weight for each age are given
in Table 3. Cows of all breed groups had a similar
growth pattern and continued to gain weight to 6 yr of
age. The fraction of final weight gained from 2 to 6 yr
of age ranged from 18 to 22%. Cows with Sahiwal sires
were lightest at every age, ranging from 392 (2 yr) to
496 kg (6 yr). In contrast, crosses with Brahman were
heaviest at each age, ranging from 444 (2 yr) to 570 kg
(6 yr). Other F1 crosses (HA and F1 with Pinzgauer and
Tarentaise sires) were intermediate and had similar
weights (418 to 549 kg at 2 to 6 yr of age) and, therefore,
interchanged ranking positions across ages. Estimates
of breed group contrasts and standard errors are in
Table 4. The first set of contrasts represents deviations
of each breed of sire group from the average solution
for HA reciprocal-crosses, which was constrained to
zero. The only crosses that were consistently heavier (19
to 24 kg) than HA crosses were the cows with Brahman
sires. The differences were highly significant at 2 yr of
age and significant at 3, 4, and 6 yr of age. Cows with
Sahiwal sires were consistently lighter than HA cows
by differences (23 to 58 kg) that were highly significant
at all ages, except at 2 yr, when the significance level
was (P < 0.05). Weights of the crossbred cows with Pinz-
gauer or Tarentaise sires were not significantly differ-
ent from HA crosses at any age. Cows with Hereford
dams were heavier than cows with Angus dams by dif-
ferences that increased with age (7 to 17 kg), and which
Table 3. Estimates of breed-group means for weight (kg) by age of cowa
Age of cow, yr
Breed
groupb 2 3 4 5 6
H-A 418 450 489 516 535
A-H 424 464 507 534 546
Br-H 444 477 522 538 570
Br-A 444 475 520 547 559
Sh-H 403 423 462 473 496
Sh-A 392 408 447 461 479
Pz-H 430 463 507 532 549
Pz-A 424 454 494 517 536
Ta-H 432 462 503 527 554
Ta-A 418 452 485 497 519
aMeans were obtained by adding the unadjusted mean for HA cows (the solution constrained to zero) to
solutions for each breed group.
bH = Hereford, A = Angus, Br = Brahman, Sh = Sahiwal, Pz = Pinzgauer, and Ta = Tarentaise.
were significant at early ages (2 and 3 yr) and highly
significant at later ages.
Gregory et al. (1979a) reported 550-d weights of heif-
ers from Cycle III. Ranking of breed groups was the
same, but means from weight at the earlier age were
less than in this study. Brahman crosses were heaviest
and gained faster than all other crosses to 550 d of age
(P < 0.01). On average, heifers with Sahiwal sires were
6 kg lighter than HA, whereas heifers with Tarentaise,
Pinzgauer (P < 0.05), and Brahman (P < 0.01) sires
outweighed HA females by 10, 11, and 27 kg, respec-
tively. Those differences were greater than those from
the present study for 2-yr-old cows, except for Sahiwal
crosses. Heifers with Hereford dams were 9 kg heavier
(P < 0.05) and gained weight faster than heifers out
of Angus dams, as in the present study. Green et al.
(1991a,b), with a sample of cows from Cycle III, studied
input/output differences among nonpregnant, lactating
Bos indicus × Bos taurus and Bos taurus × Bos taurus
F1 cows. They reported substantial advantages in Bos
indicus × Bos taurus over Bos taurus crossbred cows
for efficiency. Zebu crosses seemed to benefit the most
from heterosis for milk production, feed utilization, and
longevity of production. Heat stress in the summer envi-
ronment of Nebraska may be another factor favoring
the more heat-tolerantBos indicus crosses (Green et al.,
1991b). The weight means presented in that experiment
are not discussed here because they represent a sub- 
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Table 4. Contrasts between breed groups (±SE) and estimates of standard deviations (SD)
and heritability for weight (kg) by age of cow
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Br-x 23.38 ± 7.08** 19.00 ± 8.05* 22.81 ± 9.04* 17.57 ± 9.82 24.15 ± 10.00*
Sh-x −23.33 ± 9.32* −41.51 ± 10.41** −43.34 ± 11.77** −57.60 ± 12.75** −52.84 ± 12.96**
Pz-x 6.20 ± 8.11 1.75 ± 9.13 2.37 ± 10.30 −0.44 ± 11.19 1.89 ± 11.48
Ta-x 4.24 ± 9.65 −0.51 ± 10.85 −3.50 ± 12.26 −13.15 ± 13.34 −3.89 ± 13.49
Hx-Axd 7.34 ± 3.40* 9.92 ± 4.07* 13.25 ± 4.53** 13.28 ± 4.94** 17.46 ± 5.10**
SDe
σp 39.70 45.40 49.51 52.80 54.03
σg 33.42 35.57 40.86 44.04 44.04
σc 0.69 19.81 18.52 20.59 23.90
h2 0.71 0.61 0.68 0.70 0.66
2R(B. indicus)/σg 2.79 3.40 3.24 3.41 3.49
2R(B. taurus)/σg 0.37 0.12 0.29 0.59 0.26
aMeans in the contrast are different: **(P < 0.01) or *(P < 0.05).
bx = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Br = Brahman, Sh = Sahiwal, Pz = Pinzgauer, and Ta =
Tarentaise.
cContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).
dContrast: crosses with Hereford dams vs crosses with Angus dams.
eσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental standard deviation, from variance
component estimates; h2 = heritability, and R is the range in mean differences shown separately within Bos indicus and Bos taurus topcrosses.
sample of the data analyzed in this study and represent
weights of cows taken during a 126-d test period.
Frahm and Marshall (1985) reported that cows with
Brahman sires were 15 and 18 kg heavier than HA cows
at 3 and 4 yr of age. That difference was maintained to
maturity (16 kg at 5 to 9 yr of age) and generally agrees
with the differences from the present study. In a study
comparing cows with Hereford and Angus dams and
Brahman, Chianina, Maine Anjou, and Simmental
sires in Louisiana, Morrison et al. (1989) reported that
crosses with Brahman sires were second heaviest to
cows with Chianina sires, which were only 2 kg heavier
between 2 and 4 yr of age than Brahman-cross cows.
In that study, cows with Angus dams and cows with
Hereford dams were not significantly different. In a
diallel experiment in Texas with five breeds (Angus,
Brahman, Hereford, Holstein, and Jersey), Sacco et al.
(1990) found that Brahman crosses were heaviest (also
oldest) among all crossbred groups at first calving. On
average, cows with Brahman sires and Angus or Here-
ford dams were 44 kg heavier than HA cows (2 to 3
yr of age). From a study in Oklahoma that compared
crossbred cows with various proportions of Brahman
inheritance, McCarter et al. (1990; 1991) reported a
significant quadratic effect of increasing proportion of
Brahman inheritance for cow weight after 2 yr of age.
The base cow breeds (Angus or Hereford) were not dif-
ferent, and HA cows weighed about the same (on aver-
age) as F1 cows with Brahman sires (480 kg) between
3 and 5 yr of age. Meyer (1995), from an Australian
study, reported that cows of a synthetic breed (Wokal-
ups), including genes from Brahman, were also heavier
than purebred Hereford cows after 2 yr of age (595 vs
562 kg).
Estimates of breed-group contrasts and standard er-
rors for weight adjusted for condition score are pre-
sented in Table 5. In general, differences among breed
groups were greater than for actual weights, except for
cows with Sahiwal sires. Cows with Brahman sires
were the only crosses significantly heavier (19 to 29 kg)
than HA at all ages. Cows with Sahiwal sires were
always significantly lighter (31 to 50 kg) than HA cows,
except at 2 yr of age with differences which were less
for adjusted weight than for actual weight. Cows with
Pinzgauer sires were also heavier than HA (13 to 24
kg), but that difference was significant only at 2 yr of
age. Cows with Tarentaise sires were heavier than HA
cows, except at 5 yr of age, but the differences were not
significant at any age. Cows with Hereford dams were
always significantly heavier than cows with Angus
dams by differences (8 to 16 kg) that were significant at
2, 4, and 5 yr of age and highly significant at other ages.
An experiment comparing breeding systems in Can-
ada (Fiss and Wilton, 1992) included a “small rotation”
using Angus, Gelbvieh, Pinzgauer, and Tarentaise
sires. In that system, cows with Pinzgauer sires (572
kg) were heavier than cows with Tarentaise sires (540
kg) for weight adjusted for condition (millimeter of
backfat thickness). Cows from Tarentaise sires were
the lightest among all the crossbred cows in the two
rotation systems, including Maine Anjou, Charolais,
Simmental, Pinzgauer, Gelbvieh, Hereford, and Tare-
ntaise.
Cow Height
Estimates of breed means for height by age (yr) are
presented in Table 6. Cows gained only between 1 to 3
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Table 5. Contrasts between breed groups (±SE) and estimates of standard deviations (SD) and
heritability for weight adjusted for condition score (kg) by age of cow
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Br-x 28.88 ± 6.32** 25.33 ± 7.20** 23.93 ± 7.49** 18.63 ± 8.64* 29.07 ± 8.66**
Sh-x −17.17 ± 8.30* −30.92 ± 9.36** −36.62 ± 9.68** −49.81 ± 11.24** −39.47 ± 11.26**
Pz-x 23.97 ± 7.26** 14.32 ± 8.21 15.66 ± 8.49 12.52 ± 9.88 17.98 ± 9.98
Ta-x 15.19 ± 8.60 7.56 ± 9.74 2.83 ± 10.10 −3.79 ± 11.76 6.64 ± 11.70
Hx-Axd 8.09 ± 3.04* 10.03 ± 3.58** 10.05 ± 3.82* 11.61 ± 4.32* 15.52 ± 4.40**
SDe
σp 34.81 40.14 41.86 46.44 46.77
σg 29.71 32.51 32.86 39.01 38.38
σc 5.08 15.00 18.46 16.63 17.86
h2 0.73 0.66 0.62 0.71 0.67
2R(B. indicus)/σg 3.10 3.46 3.69 3.51 3.57
2R(B. taurus)/σg 1.61 0.88 0.95 0.84 0.94
aMeans in the contrast are different: **(P < 0.01) or *(P < 0.05).
bx = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Br = Brahman, Sh = Sahiwal, Pz = Pinzgauer, and Ta =
Tarentaise.
cContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).
dContrast: crosses with Hereford dams vs crosses with Angus dams.
eσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental standard deviation, from variance
component estimates; h2 = heritability, and R is the range in mean differences shown separately within Bos indicus and Bos taurus topcrosses.
cm of stature from 2 to 6 yr and reached a plateau for
height at 3 yr of age. Cows in Cycle III reached maturity
for stature at earlier ages than in previous cycles when
the plateau was attained at 5 or 6 yr (Arango et al.,
2002b,c). The gain from 2 to 6 yr of age was 4 to 7 cm
for Cycle I and 4 to 6 cm for Cycle II.
Breeds tended to cluster in three groups for height.
Cows with Brahman sires were tallest at every age (129
to 133 cm), while the HA cows were shortest (119 to
123 cm). Cows with Pinzgauer, Sahiwal, and Tarentaise
sires tended to be similar with intermediate heights
(123 to 128 cm) and interchanged ranking positions
across ages. Estimates of breed group contrasts and
standard errors are in Table 7. The F1 cows of all breeds
were significantly taller than HA cross cows by differ-
ences ranging from 3 to 10 cm, depending on age and
Table 6. Estimates of breed-groupa means for hip height (cm) by age of cow
Age of cow, yr
Breed
groupb 2 3 4 5 6
H-A 119 121 122 122 122
A-H 120 122 123 124 123
Br-H 130 132 132 133 132
Br-A 129 130 130 131 131
Sh-H 126 128 127 128 127
Sh-A 123 125 124 125 124
Pz-H 125 127 127 128 128
Pz-A 123 125 125 126 126
Ta-H 126 128 128 128 128
Ta-A 123 126 125 126 125
aMeans were obtained by adding the unadjusted mean for HA cows (solution constrained to zero) to
solutions for each breed group.
bH = Hereford, A = Angus, Br = Brahman, Sh = Sahiwal, Pz = Pinzgauer, and Ta = Tarentaise.
breed group. The greatest differences were for F1 cows
with Brahman sires (9 to 10 cm), which were about
twice as great as the differences by which any other
cross exceeded HA cows. Cows with Hereford dams were
taller than cows with Angus dams by differences of
about 2 cm, which were significant at all ages.
Gregory et al. (1979a) reported heights at 550 d of
heifers from Cycle III. Their results agree with the pres-
ent study, although the means were 2 to 5 cm less at
the earlier age. Brahman crosses were tallest (126 cm).
On average, heifers with Tarentaise, Sahiwal, Pinz-
gauer, and Brahman sires were 4, 5, 5, and 9 cm taller
than HA heifers. Those differences were similar to dif-
ferences in the present study for 2-yr-old cows.
From a diallel experiment in Texas involving five
breeds (Angus, Brahman, Hereford, Holstein, and Jer-
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Table 7. Contrasts between breed-groups (±SE) and estimates of standard deviations
(SD) and heritability for hip height (cm) by age of cow
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Br-x 9.73 ± 0.71** 9.23 ± 0.81** 8.81 ± 0.72** 8.89 ± 0.72** 8.64 ± 0.75**
Sh-x 4.88 ± 0.93** 4.51 ± 1.04** 3.41 ± 0.94** 3.80 ± 0.93** 3.03 ± 0.98**
Pz-x 4.36 ± 0.81** 3.88 ± 0.91** 4.05 ± 0.82** 4.20 ± 0.82** 4.09 ± 0.87**
Ta-x 5.10 ± 0.97** 5.00 ± 1.08** 4.12 ± 0.98** 4.14 ± 0.97** 3.84 ± 0.02**
Hx-Axd 2.13 ± 0.34** 2.17 ± 0.35** 2.00 ± 0.35** 2.02 ± 0.35** 1.99 ± 0.36**
SDe
σp 3.78 3.94 3.86 3.80 3.76
σg 3.38 3.51 3.36 3.29 3.53
σc 0.09 0.58 0.88 1.18 0.50
h2 0.80 0.80 0.76 0.75 0.88
2R(B. indicus)/σg 2.86 2.69 3.21 3.09 3.18
2R(B. taurus)/σg 3.02 2.84 2.45 2.55 2.32
aMeans in the contrast are different: **(P < 0.01) or *(P < 0.05).
bx = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Br = Brahman, Sh = Sahiwal,
Pz = Pinzgauer, and Ta = Tarentaise.
cContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).
dContrast: crosses with Hereford dams vs crosses with Angus dams.
eσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental
standard deviation, from variance component estimates; h2 = heritability, and R is the range in mean
differences shown separately within Bos indicus and Bos taurus topcrosses.
sey), Sacco et al. (1990) reported that Brahman crosses
were the tallest among all crossbred groups at first
calving and that, on average, cows with Brahman sires
(Angus and Hereford dams) were 10 cm taller than HA
and Jersey-cross cows and 12 cm taller than purebred
Angus and Hereford between 2 and 3 yr of age.
Body Condition Score
Estimates of breed means for body condition score by
age are in Table 8. Means were in a narrow range (6.1
to 7.3 points) across ages and breed groups. In general,
cows lost condition score from 2 to 3 yr of age then
recovered at older ages, with scores at 6 yr similar to
scores at 2 yr of age. The exception was that HA crosses
Table 8. Estimates of breed group meansa for body condition score
(points) by age of cow
Age of cow, yr
Breed
groupb 2 3 4 5 6
H-A 7.30 7.00 6.74 6.92 7.27
A-H 7.26 6.95 6.84 6.96 7.17
Br-H 6.98 6.50 6.72 6.91 7.15
Br-A 6.96 6.45 6.55 6.86 6.89
Sh-H 6.83 6.16 6.43 6.52 6.53
Sh-A 7.00 6.16 6.21 6.51 6.69
Pz-H 6.32 6.08 6.16 6.35 6.58
Pz-A 6.44 6.09 6.17 6.15 6.48
Ta-H 6.65 6.27 6.40 6.46 6.89
Ta-A 6.78 6.46 6.32 6.38 6.58
aMeans were obtained by adding the unadjusted mean for HA cows (solution constrained to zero) to
solutions for each breed group.
bH = Hereford, A = Angus, Br = Brahman, Sh = Sahiwal, Pz = Pinzgauer, and Ta = Tarentaise.
lost condition score until 4 yr of age, but also had the
largest condition scores (6.8 to 7.3) at each age. The
crosses with Brahman sires followed closely the scores
for HA crosses (6.5 to 7.2), especially after 3 yr of age.
Cows with Sahiwal and Tarentaise sires were similar
and intermediate for condition score (6.2 to 7.0). Cows
with Pinzgauer sires had the lowest scores (6.1 to 6.6)
among breed groups, but were similar to HA and Taren-
taise crosses from 3 yr of age on. Estimates of breed
group contrasts are in Table 9. The F1 cows of all breeds
had condition scores that were highly significantly
smaller than HA cows at all ages except for significant
differences for Sahiwal crosses at 3 yr of age and Brah-
man crosses at 4+ yr of age. Cows with Hereford and
with Angus dams had similar condition scores. The dif- 
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Table 9. Contrasts between breed groups (±SE) and estimates of standard deviations
(SD) and heritability for body condition score (points) by age of cow
Age of cow, yra
Breed
groupb 2 3 4 5 6
HA-xc 0.00 0.00 0.00 0.00 0.00
Br-x −0.31 ± 0.11** −0.50 ± 0.13** −0.16 ± 0.13 −0.06 ± 0.12 −0.20 ± 0.11
Sh-x −0.36 ± 0.14* −0.81 ± 0.15** −0.47 ± 0.17** −0.42 ± 0.14** −0.61 ± 0.14**
Pz-x −0.90 ± 0.12** −0.89 ± 0.14** −0.63 ± 0.15** −0.69 ± 0.13** −0.69 ± 0.13**
Ta-x −0.57 ± 0.15** −0.61 ± 0.16** −0.43 ± 0.17* −0.52 ± 0.15** −0.49 ± 0.15**
Hx-Axd −0.09 ± 0.06 −0.04 ± 0.07 0.11 ± 0.07 0.08 ± 0.07 0.15 ± 0.06*
σp 0.845 0.913 0.861 0.810 0.776
σg 0.425 0.436 0.544 0.399 0.395
σc 0.319 0.471 0.318 0.451 0.424
h2 0.25 0.23 0.40 0.24 0.26
2R(B. indicus)/σg 0.24 1.42 1.14 1.80 2.08
2R(B. taurus)/σg 4.24 4.08 2.32 3.46 3.49
aMeans in the contrast are different: **(P < 0.01) or *(P < 0.05).
bx = crosses, H = Hereford, A = Angus, HA = reciprocal crosses of AH and HA, Br = Brahman, Sh = Sahiwal,
Pz = Pinzgauer, and Ta = Tarentaise.
cContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).
dContrast: crosses with Hereford dams vs crosses with Angus dams.
eσp = phenotypic standard deviation, σg = genetic standard deviation, and σc = permanent environmental
standard deviation, from variance component estimates; h2 = heritability, and R is the range in mean
differences shown separately within Bos indicus and Bos taurus topcrosses.
ference was significant only at 6 yr of age in favor of
cows with Hereford dams (0.15 points).
Fiss and Wilton (1992) compared Hereford cows with
crosses from a small rotation (SR: Angus, Gelbvieh,
Pinzgauer, and Tarentaise), a large rotation (LR: Chia-
nina, Maine Anjou, and Simmental) and crosses of An-
gus sires with large rotation cows (A-LR), including
cows aged 2 to 5+ yr. Estimates of condition score (back-
fat thickness) were significantly different between sys-
tems except between SR and A-LR. Hereford cows had
the greatest condition score (9.4 mm). Within SR, cows
with Tarentaise sires had greater condition scores than
cows with Pinzgauer sires. Kress et al. (1995), in a
diallel experiment involving Hereford and Tarentaise
cattle, evaluated condition score (1 to 9 scale) for cows
from 2 to 5+ yr of age. Condition scores for Hereford
cows significantly exceeded Tarentaise cows (6.0 vs 4.9
points). Breed of cow was also significant for
weight:height ratio with Hereford cows being superior
(4.3) to Tarentaise (3.9) cows.
Variation Among and Within Breeds
Significant variation was found both among and
within breeds for weight, weight adjusted for condition,
height, and condition score. Estimates of heritability
were high at all ages for weight (≥ 0.61) and weight
adjusted for condition score (≥ 0.62), very high for height
(≥ 0.75), and moderate for condition score (0.23 to 0.40).
Pooled within breed standard deviations for direct addi-
tive genetic effects were estimated to represent 8.7%
(coefficient of variation = 100σg/) of the mean for
weight and 7.1% of the mean for weight adjusted for
condition score. Corresponding estimates were 6.7% for
condition score and much less for height (2.7%).
The range of differences between sire breed means (R)
estimates half of the range among pure breed means.
Then 2R/σg estimates the ratio of the range in pure
breed means relative to the pooled within breed group
standard deviation for breeding value (direct additive
genetic variation), assuming equal heterosis for all
crosses (Cundiff et al., 1986). When 2R/σg = 6, the range
between breeds is expected to equal the range in breed-
ing values for individuals within a breed with the as-
sumption that a range of plus or minus three genetic
standard deviations represents the practical range in
breeding values within breed. The assumption of equal
heterosis is reasonable for comparisons among Bos tau-
rus sire breeds, but not for comparisons between Bos
indicus and Bos taurus sire breeds because effects of
heterosis expressed in Bos indicus × Bos taurus breed
crosses have been significantly greater than those ex-
pressed in Bos taurus × Bos taurus breed crosses (Long,
1980). Thus, this ratio was estimated separately for the
comparison of Brahman and Sahiwal sire breeds from
that among Pinzgauer, Tarentaise, and HA crosses for
weight (Table 4), weight adjusted for condition score
(Table 5), height (Table 7), and condition score (Table
9). Estimates of 2R/σg were greater at all ages for weight
for Bos indicus breeds (≥ 2.79) than for Bos taurus
breeds (≤ 0.59). For weight adjusted for condition score,
estimates of 2R/σg were ≥ 3.10 for Bos indicus breeds
and ≤ 1.61 for Bos taurus breeds. Estimates of 2R/σg
forBos tauruswere generally smaller than those among
Bos taurus breeds reported for previous cycles of the
GPE program, which represented more diverse biologi-
cal types (Arango et al., 2002b,c). For height, estimates
of 2R/σg at different ages in Bos indicus breeds (2.69 to
3.18) were more similar to those in Bos taurus breeds
(2.32 to 3.02), but less similar to those among more
  
Cow body measurements. Cycle III 3149
diverse Bos taurus breeds in previous cycles of the GPE
Program (Arango et al., 2002b,c). Estimates of the ratio
for condition score at different ages appears to be in-
versely associated with differences among breeds in
milk production. Green et al. (1991a) reported that Pin-
zgauer differed substantially from HA for milk produc-
tion, but Brahman and Sahiwal had similar milk pro-
duction. Thus, estimates of 2R/σg were greater for the
Bos taurus breeds (2.32 to 4.24) than for theBos indicus
breeds (0.24 to 2.08). Estimates of 2R/σg were generally
smaller than those reported among Bos taurus breeds
representing more diverse biological types in previous
cycles of the GPE program (Arango et al., 2002b,c).
Implications
Estimates of breed differences can be used to charac-
terize genetic resources for economic traits in beef cat-
tle. Significant differences were found between Here-
ford-Angus reciprocal crosses and F1 crosses with Brah-
man, Pinzgauer, Sahiwal, and Tarentaise sires for
weight, height, and condition score of cows. Crossbred
cows with Brahman sires had the greatest weight and
height at all ages, which may, in part, be due to greater
heterosis in crosses of Bos taurus with Bos indicus
breeds than in crosses between Bos taurus breeds. Ex-
tra heterosis from crossing Bos taurus with Zebu cattle
could be exploited under some production systems and
within a breeding program to improve productivity.
Ranking of breeds for cow weight did not change when
adjusted for condition score. Absolute differences did
change, however, which indicates body condition score
should not be ignored. Repeatability of weight is high.
Thus, only one or a few weights are enough to make
selection decisions for mature weight.
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